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EXECUTIVE SUMMARY

The United States (U.S.) Army Corps of Engineers (USACE), Kansas City District contracted
Gulf South Research Corporation (GSRC) to conduct morphological assessments at stream
channels and riparian areas within the Kansas River basin to identify future sediment control
opportunities. Sediment deposition in Kansas reservoirs affects water quality and reservoir
water storage capacity. The study area encompasses the Kansas River basin above the

Clinton Reservoir, which is a USACE Federal water supply reservoir.

GSRC and The Watershed Institute, Inc. (TWI) (i.e., the Research Team) conducted detailed
fluvial geomorphology surveys and compiled available Geographic Information System (GIS)
data and historic and current aerial photography in preparation of this report. The Rosgen
(2006) Bank Erodibility Hazard Index (BEHI) model was used to determine bank erosion
potential and near-bank stress. Aerial photography interpretation and erosion monitoring data

(Sass 2011) were used to calculate the erosion rates.

Detailed geomorphology surveys and streambank erosion modeling were used to recommend
best management practice (BMP) scenarios. The BMP scenarios were inserted into the
RIVERMorph{™) stream restoration model to estimate the percent reduction of bank erosion
using the Bank Assessment for Non-point Consequences of Sediment (BANCS) model
developed by Rosgen (1996 and 2006).

Fluvial geomorphology data were collected at four locations. One survey location was on Lynn
Creek, one on Rock Creek, and two locations were on the main channel of the Wakarusa River.
Both Lynn Creek and Rock Creek are significant Wakarusa River tributaries. The survey
locations were chosen through interpretation of aerial photographs with input from the Kansas
Water Office (KWO).

A total of 19 different bank erodibility conditions, or “bank types”, were identified within the four
survey locations. For each survey, data were compiled on the bankfull dimension, pattern, and
profile to classify each stream reach using the Rosgen stream classification system for natural

rivers (Rosgen 1994).
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Based on the survey results, the Lynn Creek site had the highest weighted erosion rate of 0.41
ton/foot/year, and the lowest, the Wakarusa River sites, had a weighted erosion rate of 0.22

ton/foot/year.

The erosion rates at all the sites were relatively low and stream channels appeared to be stable.
Only one segment, at the Lynn Creek survey site, appeared to be experiencing high erosion
rates with a predicted rate of 1.21 ton/foot/year. RIVERMorph{™) produced erosion results of
zero for many of the bank types. The bank types with low erosion potential had gentle slopes
and moderate to high vegetation densities. These bank types indicate that these stream
segments are gaining sediments from upstream sources or that the erosion rates were very low
and difficult to determine. The one segment that showed the highest erosion potential occurred

along an outside bend with very little riparian vegetation.

Conceptual plans to implement BMPs were developed for Lynn Creek survey site, and the
BMP-modified stream scenario was rerun in RIVERMorph{™’ using the Rosgen BANCS model
feature to predict changes in erosion loss. Other bank types with low erosion potential were not
modeled; however, one segment at Lynn Creek (Bank Type 5) showed a significant reduction in
bank erosion if BMPs were to be implemented. Table ES-1 summarizes each survey site’s

erosion potential.

Table ES-1. Summary of Bank Erosion Model Results for Four Stream Segments

Stream Sediment BMP Percent
Stream Segment Erosion Reduction Bank Recommended BMPs

gton/footlzearg1 Erosion

Riparian and Bank

Lynn Creek 0.41 932 Modifications, Rock Vanes,
LPSTP®

Rock Creek 0.25 Negligible None recommended

Wakarusa River at Glick Road 0.22 Negligible None recommended

Wakarusa River at Ratner 0.22 Negligible None recommended
Road
s Erosion results are area-weighted averages for the different bank types of the surveyed stream reach.

The percent reduction is only for one stream segment at the Lynn Creek survey site (Bank Type 5).
Longitudinal peaked stone toe protection (LPSTP).
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1.0 INTRODUCTION

The United States (U.S.) Army Corps of Engineers (USACE), Kansas City District contracted
Gulf South Research Corporation (GSRC) to conduct stream channel morphology and riparian
assessments to identify future sediment control opportunities within the Wakarusa River
watershed of the Kansas River basin (Figure 1-1). The project has been executed under
Section 204 of the Water Resources Development Act of 1992, as amended by Section 2037 of
the Water Resources Development Act of 2007. The Section 204 program allows Federal
cooperation and participation in the preparation of state and regional sediment management
plans. The study provides information on sediment management potential and contributes to
planning efforts ongoing by the Kansas Water Office (KWO) and other state agencies for long-

term reservoir sustainability.

The objectives of this project were to:

¢ Identify four stream segments within the Wakarusa River watershed to investigate.

e Conduct fluvial, stream channel, and riparian assessments to identify sediment control
opportunities above Federal water supply reservoirs in the Kansas River basin.

e Conduct an assessment of critical factors affecting stream geomorphology, bed
transitions, and systemic erosion issues in selected stream segments.

e Assign a Rosgen stream classification to each survey reach, estimate the amount of
streambank erosion, and evaluate riparian conditions.

e Determine cost estimates for implementing the most suitable erosion control measures.

e Estimate the reduction in erosion resulting from implementation of erosion control
measures.

Survey locations were selected based on interpretation of aerial photography interpretation of
stream conditions and input from KWO. Four survey locations were selected: two on the main
stem of the Wakarusa River, one on Rock Creek, and one on Lynn Creek. This report
evaluates sediment erosion at these selected stream sites, identifies best management
practices (BMPs) for future stream stabilization projects, and estimates of the reduction of
erosion resulting from implementation of stream stabilization projects. This report was prepared
by GSRC and its team member, The Watershed Institute, Inc. (TWI), collectively referred to as

the Research Team.
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2.0 STUDY AREA

The Wakarusa River watershed is located south of Topeka, Kansas, and includes the Rock
Creek subwatershed and the Lynn Creek subwatershed. Four sites were selected for surveys:
one on Lynn Creek, one on Rock Creek, and two sites on the Wakarusa River. The locations of
the four survey sites areas are presented in Figure 2-1; the survey dates and locations are

provided in Table 2-1.

Table 2-1. Location of Complete Fluvial Geomorphology Surveys

Site Location

Number Name of Watershed ;Section-Townshi -Ran e; Survey Date(s)

09/28/2010,

1 Lynn Creek NE ¥ S24-T13S-R16E 09/29/2010

5 Rock Creek NE ¥4 S13-T14S-R17E 09/29/2010,

SE ¥4 S12-T14S-R17E 09/30/2010

) . 09/22/2010

1 ] ) )

3 Wakarusa River at Glick Road NE ¥4 S29-T13S-R14E 09/23/2010

. 09/21/2010

1 _ - y

4 Wakarusa River at Ratner Road NW ¥, S30-T13S-R17E 09/22/2010

2.1 Survey Site 1: Lynn Creek Watershed

Survey Site 1 is located within the Lynn Creek watershed, which encompasses approximately
17.5 square miles. Lynn Creek headwaters begin near Forbes Field, south of Topeka. The
creek flows southeast to its confluence with the Wakarusa River. Approximately 30 percent of
the watershed is cultivated and 40 percent is grassland. Other significant land uses include
woodlands (17 percent) and urban areas (13 percent). Much of the urban area is located in the

upper portion of the Lynn Creek watershed.

2.2 Survey Site 2: Rock Creek Watershed

Survey Site 2 is located on Rock Creek, which is a major tributary to the Wakarusa River. The
Rock Creek watershed encompasses 50.3 square miles and drains directly into Clinton
Reservoir. Much of the lower watershed became part of Clinton Reservoir after the dam was
installed. Land use within the basin consists of cultivated land (27 percent), grassland (44
percent), woodland (18 percent), and residential and urban areas (11 percent). The selected

survey site was immediately upstream from the Clinton Reservoir flood pool elevation.

Contract Number: W912DQ-05-D-0018 2-1 Final Report
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2.3 Survey Sites 3 and 4: Wakarusa River Main Channel

Survey Sites 3 and 4 are located on the Wakarusa River in Shawnee County, Kansas. The
Wakarusa watershed comprises 531.1 square miles, with 366.7 square miles above Clinton
Reservoir. The Wakarusa River headwaters begin west of Auburn, Kansas, and the river
generally flows east into the Clinton Reservoir. Survey Site 3 is just upstream of Glick Road,
and Survey Site 4 is downstream of Ratner Road. Land use within the basin is a mixture of
cultivated land (27 percent), grasslands (43 percent), woodlands (23 percent), and residential

and urban properties (7 percent).
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3.0 METHODOLOGY

3.1 Field Investigations

Methods and procedures outlined in Rosgen (1996) were used to determine channel condition
and stability. This involved developing a hierarchy of river inventory and assessment protocols
consisting of four levels, with each successive level building on the former (Keane 2004). The

levels include: (I) Geomorphic Characterization, (1) Morphological Description, (Ill) Stream State

or Condition, and (V) Validation. Data collected during surveys fulfill Levels I, Il, and portions of
Level Ill. The validation level requires long-term monitoring that is not a part of the scope of
work.

Data collection was divided into six categories: drainage basin area, channel dimension,
channel materials, channel pattern, channel profile, and Bank Erodibility Hazard Index (BEHI).
Additional data was collected as necessary or as conditions presented themselves in the field.
For all surveys, access permission was obtained from the affected landowner before field work

began.

For this project, the Level Il stream “state”, or “condition,” classifications were followed to obtain
a refined view of stream reach condition. The Level lll stream state examination provides a
guantitative basis for comparing streams with similar morphologies, but exhibiting different

states or conditions.

Figure 3-1 presents the Rosgen classification key to natural rivers. The Rosgen (1996) stream

classification protocol and inventory was chosen for the following reasons:

e |t employs consistent, objective, quantitative, and reproducible measures (Keane 2004).
e |t predicts a river’s behavior from its appearance.

e |t extrapolates site-specific data to stream reaches having similar characteristics.

e It provides a basis for communication among water resource professionals.

e |t provides a method to utilize sediment data, bank erosion, and stability predictions.

e It incorporates all three dimensions of channel form, while accounting for variability in
channel-forming materials (Thorne 1997).
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3.1.1 Channel Dimension

Channel cross-sections were surveyed to obtain channel dimension parameters. The number
of cross-sections surveyed varied among sites, based on identified changes in bank stability
conditions. The surveys involved selecting a representative cross-section to represent the
channel dimension at each change in bank conditions. At least one cross-section occurred at
each riffle for stream classification purposes. A Leica TCR407 Total Station was used to
measure each cross-section. Cross-sections were oriented perpendicular to flow, and data
were recorded at regular intervals to accurately depict the channel shape. In addition to regular
measurement intervals, special features of the cross-sections were documented. These
features included edge of water, channel thalweg, terraces, rooting depth elevations, and
bankfull stage indicators. The thalweg is the line connecting the deepest parts of the channel.
Bankfull indicators included change in bank angle, vegetation changes, and top of sediment
deposits. The cross-section data were imported from the Leica TCR407 Total Station into
RIVERMorph{™) software that digitizes and manipulates the survey data. Next, vertical
exaggeration was eliminated to provide an accurate representation of each cross-section

survey. The cross-section plots are shown in Appendix A and summarized in Section 4.0.

3.1.2 Channel Materials

Channel material surveys, or “pebble counts”, were conducted at each survey site. Channel
materials are the rocks, pebbles, and sediments that make up the stream bed. A procedure
known as the Wolman (1954) pebble count was used to characterize streambed sediments.
This “pebble count” requires measuring the intermediate axis (i.e., width) of randomly selected
pebbles. The survey reach “pebble count” provides information on the size distribution of the
stream bed and bank rocks, pebbles, and sediment. To ensure random sampling, pebbles were
collected by blindly reaching down until touching a particle (e.g., gravel, cobble, boulder, or
bedrock), and then measuring the particle’s intermediate axis. For small materials such as
sands and silt/clay, a small pinch of material was collected and the dominant size was
determined by visually comparing the sample to a sand grain sizing folder. The samples from
collection transects were discarded so that the same particles would not be measured a second
time. Approximately 100 samples were measured per survey site. Samples were collected
across the bankfull channel width. A total of 10 transects were selected for each survey, and 10
measurements were recorded along each transect across the bankfull channel width. All pebble

count data were entered into RIVERMorph{™’, which was used to calculate the cumulative
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percentages of samples and group the results into size categories. Additionally,
RIVERMorph{™) calculated sediment size and determined the percent composition for each

size class (e.qg., silt/clay, sand, gravel, boulder, cobble, and bedrock).

3.1.3 Channel Profile

Longitudinal profiles were conducted along the entire study reach, equaling at least two
meander wavelengths. The Leica TCR407 Total Station was used to survey the water surface,
bankfull indicators, right and left top-of-bank, and thalweg. The bankfull indicators included “top-
of-bank” or a change in bank slope. The left and right top-of-banks were plotted to determine

bank height ratios.

The longitudinal profile survey data were imported into the RIVERMorph(™ software to plot the
data. The field survey identified bankfull indicators which served as the basis for determining
the bankfull slope. The profile plots for each survey are presented in Appendix B and are

summarized in Section 4.0.

3.2 Analytical Methods

3.2.1 Bankfull Discharge Calculation

The bankfull discharge was determined by using regional curves developed from prior
geomorphology surveys (Emmert and Hase 2001, Tetra Tech 2004, and TWI 2006). Table 3-1
lists the geomorphology surveys used in the regional curves, the drainage area, and bankfull

discharge. Figure 3-2 shows the drainage area versus bankfull discharge plot.

3.2.2 Stream Classification

Bankfull parameters were determined from channel dimension, pattern, and profile. Bankfull
parameters were used to aid in calculating actual stability indices. RIVERMorph™) was used to
create fluvial geomorphology summary sheets based on forms from Watershed Assessment of
River Stability and Sediment Supply (WARSS) by Rosgen (2006). The WARSS form
summarizes all bankfull dimension, pattern, and profile data used to classify each survey. The
stream classification summary sheets for each of the four stream surveys are presented in

Appendix C.
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Table 3-1. Regional Curve Data for Northeast Kansas

Rosgen | Drainage Bankfull
Stream Name Stream Area Discharge

TZBel (s9 miz2 SCfSZB
Mine Creek C4 14.2 726.4
Rock Creek E4 15.9 1,343.5
Tributary to South Branch Wakarusa River C4 0.3 77.2
Salt Creek C1 111.0 2,998.0
Deer Creek Tributary C4 2.4 855.3
Deer Creek C4 20.5 1,662.0
Marais des Cygnes River C4 177.0 3,961.0
Pottawatomie Creek C4 171.3 4,750.8
Cedar Creek E4/1 73.5 2,130.8
South Fork Wakarusa C4 17.8 1,104.0

L]
See Figure 3-1 for Rosgen Stream type reference.
sg mi = square mile
% cfs = cubic feet/second

Figure 3-2. Regional Curve: Drainage Area versus Bankfull Discharge
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3.2.3 Bank Erodibility Hazard Index (BEH]I)
To determine streambank erosion potential, the BEHI model was used to obtain a quantitative,
channel stability assessment (Rosgen 1996). The assessment ranks the following series of

parameters as important factors in streambank resistance to erosion:

Ratio of streambank height to bankfull height.

Ratio of riparian vegetation rooting depth to streambank height.
Percent of root density.

Composition of streambank materials.

Streambank angle.

Bank material stratigraphy and presence of soil lenses.

Bank surface protection provided by debris and vegetation.

BEHI assessment procedures rate these parameters and assign a numeric index rating for each
parameter; the numeric parameter ratings were summed to achieve an overall erosion potential
score. BEHI summarizes erosion potential (based on total score) as low, moderate, high, very
high, or extreme. BEHI assessments were performed using survey data and field observations.
When streambank parameters changed, the location was noted on the longitudinal profile
survey form and the new streambank condition was rated. A cross-section was surveyed for

every observed streambank condition.

The BEHI data were entered into RIVERMorph(TM’, and the software calculated the BEHI
variables and overall BEHI rating. The RIVERMorph{™ data were then exported into a WARSS
worksheet. Modified BEHI scores were also calculated using changes suggested by Sass
(2011). Sass combined the vegetation components (rooting depth ratio and weighted root
density percent) into one category (Woody Vegetation Present) since they relate to similar
processes. Sass found that BEHI vegetation scores were consistent for streams in the Black
Vermillion watershed. A BEHI vegetation score of 2.5 was applied if woody vegetation was
present and an 8.5 if woody vegetation was absent (Sass 2011). The modification strengthened

the BEHI/near-bank stress (NBS) curves for moderate and high BEHI rated sites.
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3.2.4 Near-Bank Stress (NBS)

In addition to BEHI, NBS calculations were performed to rate bank stability. A NBS
determination is used to identify potential disproportionate energy distribution in the near-bank
region that can lead to accelerated bank erosion. Rosgen (2006) has developed seven different
options for determining NBS. These options range from a reconnaissance-level determination

to a detailed prediction determination. The NBS assessment uses the following methods:

1. Channel pattern, traverse bar or split channel/central bar creating NBS/high velocity
gradient.

Ratio of radius of curvature to bankfull width.

Ratio of pool slope to average water surface slope.

Ratio of pool slope to riffle slope.

Ratio of near-bank maximum depth to bankfull mean depth.

Ratio of near-bank stress to bankfull shear stress.

Velocity profiles/isovels/velocity gradient.

NogakrowN

To determine the NBS, the ratio of the near-bank maximum depth (d.,) to mean bankfull depth
(duks) Was calculated. The near-bank maximum depth, which is the deepest part of the channel
(Rosgen 2006), was measured and recorded. RIVERMorph™) was used to calculate the
dnp/dpk ratio based on the surveyed cross-sections. The ratios were then rated based on the

NBS ratings developed by Rosgen (2006) as presented in Table 3-2.

Table 3-2. Near-Bank Stress Rating for dnp/dpks

< 1.00 Very Low
1.00 - 1.50 Low
1.51-1.80 Moderate
1.81 - 2.50 High
2.51-3.00 Very High

> 3.00 Extreme

Source: Rosgen 2006

3.2.5 Drainage Basin Area

The latitude/longitude coordinates were recorded with a Global Positioning System (GPS) unit
at each survey reach, and the coordinates were then uploaded into ArcMap‘™ Geographic
Information System (GIS) software. The drainage area boundaries above the survey locations
were determined in ArcMap‘™’ by overlaying the coordinates with U.S. Geological Survey
(USGS) digital raster graphs (DRG) and U.S. Department of Agriculture (USDA), Natural
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Resources Conservation Service (NRCS) 14-digit hydrologic unit code (HUC) boundaries. The
appropriate 14-digit HUC boundaries were extracted and modified using the DRG elevation

information to calculate each drainage boundary.

3.2.6 Channel Pattern

Aerial photography was used to measure channel patterns, and the data were used to quantify
variations in meander geometry. Meander geometry measurements included the lateral extent
of meanders (i.e., belt width), the wavelengths of meanders (which documented meander
lengths), and the degree of curvature in meanders (i.e., radius of curvature). To determine
sinuosity, the ratio of stream to valley length in the vicinity of the survey was measured. Multiple

meanders were measured to document the variability of pattern dimensions.

RIVERMorph{™ was used to perform channel pattern analysis, which allows a user to scale
selected aerial photographs using a GIS interface. For this project, 2008 aerial photography
from the USDA National Agriculture Imagery Program was used. RIVERMorph™) provides
tools to measure sinuosity, meander wavelength, belt width, and radius of curvature. It
determines the minimum, average, and maximum values for each parameter measured and

records the values in a database.

3.3 Additional Data Collection

Supplemental data were collected during the field surveys to characterize the stability of the
stream. These data include type of riparian vegetation, flow regime, stream order/size, meander
patterns, depositional patterns, channel blockages, stream width/depth ratio, degree of channel

incision, and degree of channel confinement, as defined by Rosgen (2006).

3.3.1 Simon Channel Evolution Sequence

The stage of channel evolution was assessed for each stream reach using the Simon Channel
Evolution Sequence. Channel evolution occurs due to an imbalance between sediment
transport capacity and sediment supply that alters channel morphology through bed and bank
erosion and deposition. Consistent sequential changes in incised channel morphology may be
observed and used to describe relationships of dominant channel processes (i.e. degradation,

aggradation, and lateral erosion). Each stage of individual sequences shown in Figure 3-3 is
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Figure 3-3. Simon Channel Evolution Sequence.
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associated with unique and quantitative relations among morphological, hydrological,
sedimentological, and biological conditions. Simon found that channelized streams regained
stability by undergoing a progressive sequence of evolutionary stages. The evolutionary stage
can provide insight into which BMPs are appropriate to stabilize the stream channel. Adverse
adjustments can create accelerated sediment yields, loss of land, lowering of the water table,
decreased land productivity, loss of aquatic habitat, and diminished recreational and visual
values (Simon 1989).

3.4 Methods to Estimate Erosion Rates

3.4.1 Aerial Photography

KWO (Kansas Water Office) used aerial photographs taken from 1991 and 2008 to document
changes in lateral streambank erosion. This information helped predict the loss of streambanks
due to erosion. Based on photographic interpretation and survey data, erosion losses for six

different bank conditions were calculated.

The historic channel was delineated from 1991 aerial photographs and then overlain on 2008
aerial photographs. ArcMap'™) software was used to calculate the surface area for each
detectable occurrence of lateral shifting in stream banks and the length of bank. The change in
the lateral streambank location, where detectable, was then delineated. The surface area was
divided by bank length to determine the amount of lateral movement in feet. Finally, the erosion
loss (in feet) was divided by 17 years (the time difference between aerial photographs) to

compute the erosion rate (feet/year).

The photographic calculations were used to calibrate the erosion loss for each applicable bank
type by inputting the calculated erosion rate into RIVERMorph{™). The erosion rates calculated

with aerial photography are denoted in Section 4 with an asterisk.

3.4.2 In-Stream Modeling

In addition, erosion pin monitoring data from the Black Vermillion River watershed were used to
predict erosion loss in the BEHI assessments (Sass 2011). In this method, a series of rebar
pins are installed flush into the study bank. After a high flow event, any exposed rebar is
measured and then reset back in the bank. This method provides a benchmark from which to

measure bank loss. Sass (2011) developed BEHI/NBS curves for moderate and high BEHI
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ratings based on 3-year streambank erosion monitoring data. These curves were used for bank
conditions that received a moderate or high BEHI rating and did not have aerial photography to
predict erosion loss. Table 3-3 lists the curve equations and corresponding R? value used in

Sass (2011) to calculate erosion rates.

Table 3-3. BEHI/NBS curves from Sass (2011)

BEHI/NBS Curve | __LineEquation | ______R* |

Moderate BEHI | y=0.3634e" %" | 0.86

High BEHI =0.2646e° 22" 0.82

3.5 Evaluating BMP Effectiveness
To predict the effectiveness of recommended BMPs, the BEHI scenarios were adjusted to
model sediment reduction. The BMPs considered were rock bendway weirs, rock vanes,
longitudinal peaked stone toe protection (LPSTP), shaping the banks to a 3-foot horizontal to 1-
foot vertical (3:1) slope, and restoring the riparian corridor with native trees, shrubs, and
grasses. The BEHI modeling scenarios included:

e Current conditions.

BMP implementation Year 1 through 3.
¢ BMP implementation Year 4 through 10.

The BMP implementation scenarios were divided into the first 3 years and years 4 through 10 to
model the two typical periods of vegetation establishment (i.e., young versus mature plants).
The BEHI parameters were changed to include bank angle, rooting depth, root density
percentage, and surface protection. In addition, the NBS was adjusted to the low rating, as
defined by Rosgen (2006), to reflect the installation of bendway weirs or rock vanes which will

help reduce water velocities in the near-bank region.

3.5.1 Bank Assessment for Non-Point Consequences of Sediment (BANCS)

The Bank Assessment for Non-point Consequences of Sediment (BANCS) model was used to
estimate the erosion rates of each BMP scenario. The BANCS model is a feature in the Rosgen
RIVERMorph{™) BEHI assessment. To estimate the reduction of erosion rates associated with
implementing streambank stabilization BMPs, the BANCS model was utilized to present percent
reduction estimates of annual stream-bank erosion following BMP implementation. Rosgen

(1996 and 2006) calibrated BEHI scores to yield a linear relationship between NBS scores and

Contract Number: W912DQ-05-D-0018 3-11 Final Report
Delivery Order Number: 006 August 2011



Kansas River Basin
Regional Sediment Management Section 204
Stream and River Channel Assessment

bank erosion rates stratified by BEHI ratings. Rosgen (1996 and 2006) used erosion monitoring
data from Colorado streams found in sedimentary and/or metamorphic geology and from
Yellowstone National Park streams found in alpine glaciations and volcanic areas to develop

two sets of relationships.

To use the BANCS model, BEHI and NBS ratings must be calculated from a chosen stream
reach. Once calculated and entered into RIVERMorph‘TM), the software allows the user to
select a streambank erosion rate relationship (Colorado or Yellowstone), then a predicted
erosion loss is calculated using the BANCS predicted erosion rate and the chosen stream

reach’s bank height and length.

It should be noted that the BANCS model was calibrated for predicting bank erosion rates in
Colorado and Yellowstone National Park streams, and these relationships are not applicable for
Kansas alluvial streams. This method was chosen only to provide a framework to demonstrate
the percent reduction in erosion loss based on BMP implementation. To date, valid streambank
erosion rates for modeling streams in Kansas do not exist. The information collected in this
report is not sufficient to predict erosion rates based on BEHI and NBS. To validate erosion
predictions, long-term erosion monitoring data are needed over a variety of streambank
conditions in northeast Kansas. It is appropriate and encouraged to examine other erosion
prediction models during a long-term data collection effort. For this exercise, the BANCS model
was used only to predict the percent reduction in bank loss due to erosion when comparing
current conditions and BMP implementation scenarios. The percent reduction was then applied

to bank loss data interpreted from aerial photographs.
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4.0 SURVEY AND MODELING RESULTS

This section presents estimates of stream bank loss due to erosion, along with results from the
surveys and RIVERMorph™) modeling. The results include stream drainage area, discharge
rate, Rosgen classification, BEHI, and additional data. The following results are presented by
survey sites, where survey sites are segregated into bank types. Bank types are marked
sequentially when the stream bed and bank showed a significant morphological change.
Additionally, the terms left bank and right bank are used to describe the left bank and right bank,

as the viewer is looking downstream.

4.1 Drainage Area and Discharge Rate
Table 4-1 lists the drainage area and bankfull discharge rate for each stream survey site. It was
assumed that the entire drainage area was contributing flow at each of the survey sites.

Figures 4-1a through 4-1d illustrate the extent for each survey site’s drainage area.

Table 4-1. Survey Sites and Drainage Areas

Site Number Drainage_Area Bankfull Discharge
sg mi cfs
1.0 Lynn Creek 175 1,030
2.0 Rock Creek 26.4 1,588
3.0 Wakarusa River at Glick Road 11.5 906
4.0 Wakarusa River at Ratner Road 186.5 6,654

4.2 Rosgen Stream Classification
After gathering survey and aerial photography information, a Rosgen stream type was assigned
to each fluvial geomorphology survey (Table 4-2). Summary tables presenting the stream

classification parameters and subsequent stream types are found in Appendix C.

Table 4-2. Summary of Rosgen Stream Classification Results

Site No. of Entrenchment | Width/Depth . . Average Chgnne! Rosgen
. ; Sinuosity Water Material Size Stream
No. | Channels Ratio Ratio L "
Surface Slope (millimeter) Type
1 1 29 12.7 1.64 0.00232 41.3 C4/1
2 1 2.1 19.0 1.51 0.0033006 47.4 C4
3 1 2.1 13.9 1.17 0.00448 45 B4/1
4 1 3.2 14.4 1.22 0.00082 19.3 E4/1
*See Figure 3-1 for description of Rosgen classification key.
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4.3 Stream Analysis by Survey Site

Based on field notes and measurements, a BEHI stream analysis was performed to summarize
bank stability at each survey site. Worksheets from Rosgen (2006) were used to complete this
analysis, and reference materials developed by Kuchler (1974) were used to determine the
potential for native vegetation to reduce bank erosion. The results of the BEHI stream stability
ratings and Rosgen stream analysis (for each survey site) are presented in the following four

subsections.

4.3.1 Survey Site 1: Lynn Creek

4.3.1.1 Bank Erodibility Hazard Index (BEHI)

The Lynn Creek survey site had a fairly consistent wooded riparian corridor on both banks.
There was also a native grass buffer between the wooded riparian corridor and cultivated fields.
There were a few areas along outside meander bends where the wooded riparian corridor was
thin or absent. There was a diversity amoung upper-story riparian species. Common upper-
story riparian species included sycamore (Platanus occidentalis), hackberry (Celtis
occidentalis), red oak (Quercus rubra), bur oak (Quercus macrocarpa), chinkapin oak (Quercus
muehlenbergii), river birch (Betula nigra), honey locust (Gleditsia triacanthos), bitternut hickory
(Carya cordiformis), black walnut (Juglans nigra), cottonwood (Populus deltoides), red elm
(Ulmus rubra), and red mulberry (Morus ruba). The understory consisted of riverbank grape
(Vitis riparia), poison ivy (Toxicodendron radicans), honeysuckle (Lonicera sp.), roughleaf
dogwood (Cornus drummondii), bristly green briar (Smilax hispida), coralberry (Symphoricarpos
orbiculatus), and a mixture of grasses and forbs. Sycamore was the dominant lower bank tree

observed and provided erosion resistance.

The Lynn Creek survey site had a very high sinuosity, and there was a wide range in
streambank stability from stable to highly unstable banks. Five bank types were identified along
the 1,859-foot-long survey reach. Bank Type 1 constitutes 853 feet, or 45 percent, of the survey
reach. Type 1 conditions are representative of straight sections. Well-established, deep rooted
riparian vegetation was present on both banks (Photograph 1, Appendix E). In some locations,
there were exposed roots indicating lateral erosion (Photograph 2, Appendix E). Throughout
this bank condition, at least one bank is connected to the floodplain. Bank Type 1 BEHI erosion

potential rating was classified as “low.”
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Bank Type 2 was identified along the outside of a meander bend that constituted 161 feet, or 9
percent of the survey reach. The bank conditions were much different than Bank Type 1, with
scattered woody vegetation on the left descending bank (Photograph 3, Appendix E). The
vegetation was sparse and root density was low and there was little surface protection on the
bank slope. This meander was identified by KWO as an erosion hot-spot. The BEHI erosion

potential rating was “moderate.”

Bank Type 3 was a short reach, 398 feet, or 21 percent of the survey reach, with a narrow
riparian corridor on both banks. Wooded riparian species were present to strengthen the bank,
but trees were leaning inward toward the stream and numerous exposed roots were observed
(Photograph 4, Appendix E). There were also numerous gravel lenses in the bank profile,
increasing erosion potential (Photograph 5, Appendix E). Currently, the rate of bank erosion
appears slow, but loss of the narrow riparian corridor could result in increased erosion potential

along this segment. The BEHI rating for Bank Type 3 was classified as “high.”

Bank Type 4 was another short reach, 247 feet, or 13 percent of the survey reach, and was
located along a straight segment. This bank type had a bank height and angle similar to type 3,
but contained a bedrock outcrop in the bank profile (Photograph 6, Appendix E). The bedrock

resists erosion and therefore the BEHI score was rated “very low.”

Bank Type 5 occurs about 750 feet downstream from the end of the geomorphology survey.
This stream segment was identified by KWO as an erosion hot-spot. It was short, approximately
200 feet long, or 11 percent of the survey reach, and located along an outside river bend with no
woody riparian vegetation (Photograph 7, Appendix E). The bank was steep with very little
surface protection and the BEHI score is rated as “high” (Photograph 8, Appendix E). Table 4-3
summarizes the erosion potential for each of the five bank types that were recorded at Survey
Site 1 and presents a weighted average for the entire survey reach. A weighted average
distributes the total erosion potential of the survey reach evenly across each linear foot of the

reach. Figure 4-2 illustrates the proportional extent of each bank type.
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Table 4-3. Site 1 BEHI Erosion Potential Summary

Bank | BEHI BEHI Modified | Modified Ao/ NBS Predlc_:ted Percent

Type | Score | Rating BEHI BEHI Ratio Rating Erosion of
Score Rating ton/foot/zear Survez

1 17.7 Low 14.1 Low 1.43 Low 0.00 45

2 20.1 Moderate 234 Moderate 2.06 High 0.31* 9

3 324 High 28.0 Moderate 1.53 Moderate 1.11** 21

4 31.8 Very Low 23.2 Very Low 1.23 Low 0.00* 13

5 34.4 High 29.2 Moderate 2.29 High 1.21* 12

Weighted Average 0.41
]

*Calculated from interpretation of 1991 and 2008 aerial photographs.
**Calculated from Northeast Kansas BEHI/NBS Curves (Sass 2011).

4.3.1.2 Geomorphic Analysis

Historically, the vegetation in this region consisted of prairie grasses bluestems (Andropogon
spp.) on the high plains and cottonwood forest on lower floodplains (Kuchler 1974). The
riparian vegetation along this stream reach was dense and diverse, and representative of
historical cottonwood forest, although the forest stands were narrow in places. The river is a
perennial stream dominated by stormwater runoff, and is classified as a third-order stream
(Kansas Department of Health and Environment [KDHE] 2007). The bankfull width was
between 50 and 75 feet, resulting in a Rosgen stream order/stream size of S-6(3) (Appendix F,
Page G-2). Small fluvial deposits were observed, consisting of point bars, indicating a Rosgen
B-2 depositional classification (Appendix F, page G-4). The instream debris and blockages
were classified as “moderate” (D3) (Appendix F, page G-5). The stream width/depth ratio,

degree of channel incision, and degree of channel confinement were rated as “stable.”

Based on streambed stability, the survey was characterized as Stage V in the Simon Channel
Evolution Sequence (Simon 1989) (see Figure 3-3). The river was in the process of expanding
laterally along outside river bends with little riparian vegetation. Lateral expansion is a process
in which the river increases sinuosity and floodplain width. Table 4-4 summarizes survey data
by utilizing Rosgen’s stream stability classifications. Details on Rosgen’s stream ratings can be

found in Appendix F.
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Table 4-4. Summary of Rosgen Stream Stability Ratings for Lynn Creek Survey Site

Stream Morphology Description Rosgen Stream Rating Rosgen Reference Number

Stream type

C5c-

See Figure 3-1

Riparian vegetation — existing species

Cottonwood/Hackberry/Willow/Elm

From Kuchler (1974)

Riparian vegetation — potential species

Cottonwood/Hackberry/Willow/Elm

From Kuchler (1974)

Flow regime

P2

Appendix F-1: Exhibit 1

Stream order and size

S-6(3)

Appendix F-2: Exhibit 2

Meander patterns

M-3 Irregular meanders

Appendix F-3: Exhibit 3

Depositional patterns

B-2-Point bars with few mid bars

Appendix F-4: Exhibit 4

Channel blockages D3 Appendix F-5: Exhibit 5
Width/Depth ratio 12.7 Not applicable
Width/Depth stability rating Stable Appendix F-6: Exhibit 6
Pfankuch channel stability rating 77 -Good Appendix F-7: Exhibit 7
Bank — Height Ratio (BHR) 1.0 Not applicable
Channel Incision Stability rating Stable Appendix F-8: Exhibit 8
Meander Width Ratio (MWR) divided by MWR ¢t | 0.84 Not applicable
Degree of confinement Unconfined Appendix F-9: Exhibit 9

The key to Rosgen'’s stream ratings is located in Appendix F.

4.3.1.3 Summary of Survey Site 1

Aerial photography from 1991 and 2008 was used to delineate the area lost due to streambank
erosion for Bank Types 2 and 5. Results of aerial photography interpretation showed that Bank
Type 2 had an erosion rate of 0.31 ton/foot/year and Bank Type 5 had an erosion rate of 1.21
ton/foot/year. For Bank Type 3, sediment loss predictions were calculated using BEHI/NBS
curves from Sass (2011). Sediment loss from Bank Types 1 and 4 were not delineated. It

appears that the low erosion rate was due to well-vegetated banks and stream bedrock.

4.3.2 Survey Site 2: Rock Creek

4.3.2.1 Bank Erodibility Hazard Index (BEHI)

The Rock Creek survey was located along a fairly wide and continuous wooded riparian
corridor. The wooded riparian corridor typically ranges from 80 to over 500 feet in width along
the survey reach. There were two short segments where the riparian corridor was very narrow
on one bank. The wooded corridor multiple species and was consistent with the Northeastern
Oak-Hickory Forest outlined in Kuchler (1974). Sycamore was the dominant low-bank
vegetation.

The survey reach was sinuous with well-defined riffle/pool sequences. Bank Type 1 of the
survey reach was identified where both banks sit at the floodplain elevation for a length of

approximately 234 feet, or 11 percent of the survey reach. Rooting depth nearly reaches the

Contract Number: W912DQ-05-D-0018
Delivery Order Number: 006

4-10 Final Report

August 2011



Kansas River Basin
Regional Sediment Management Section 204
Stream and River Channel Assessment

stream bank toe and the bank slopes are dominated by large gravel and small cobble particles

(Photograph 9, Appendix E). The BEHI score was rated “low.”

Bank Type 2 was another short segment totaling 217 feet, or 10 percent of the survey reach.
The bank height was much higher than Bank Type 1 with less root density and surface
protection. There were exposed roots observed throughout the segment and trees were leaning
out over the channel (Photograph 10, Appendix E). The BEHI score for Bank Type 2 was rated
“high.”

Bank Type 3 was a short segment along the outside of a meander bend, totaling 239 feet in
length, or 9 percent of the survey reach. The right bank had very little woody riparian vegetation
and there was no surface protection (Photograph 11, Appendix E). KWO identified this area as
an erosion hot-spot using aerial photography interpretation. Bank Type 3 produced a “high”
BEHI rating.

Bank Type 4 was located along a straight river segment 1,222 feet in length, and composed 53
percent of the survey reach. Both banks were well-vegetated and roots extended through the
entire bank profile (Photograph 12, Appendix E). Portions of the bank did contain gravel lenses
that tend to increase the erosion potential streams (Photograph 13, Appendix E). Overall, the

channel erosion appeared to be slow, and therefore, the BEHI rating was “moderate.”

Bank Type 5 was located along the outside of a meander bend where the creek merged with a
terrace feature. The segment length was 239 feet, or 10 percent of the survey reach. The bank
height nearly doubled creating a “high” BEHI rating (Photograph 14, Appendix E).

Bank Type 6 was 188 feet long and composed 7 percent of the survey. The banks of the
stream were composed predominantly of gravel particles (Photograph 15, Appendix E). The
woody vegetation was very thin and the BEHI was rated as “moderate.” Figure 4-3 illustrates
the length and location of each bank type, and Table 4-5 summarizes the erosion for each of the

bank types.
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Table 4-5. Site 2 BEHI Erosion Potential Summary

L ]
Bank | BEHI BEHI M%oggled Mg?:_ﬂ?d dnp/dpks NBS Predicted Erosion |Percent of
Type | Score | Rating Score | Ratin Ratio Rating (ton/footlyear) Survey
1 12.9 Low 9.5 Very Low - Low 0.00* 11
2 31.6 High 23.8 Moderate| 1.51 Moderate 0.28** 10
3 31.3 High 29.4 Moderate| 2.34 High 0.23* 9
4 25.3 Moderate 20.9 Moderate| 1.58 Moderate 0.25** 53
5 34.4 High 26.5 Moderate| 1.63 Moderate 0.43** 10
6 28.7 Moderate 28.7 Moderate 1.74 Moderate 0.34* 7
Weighted Average 0.25
L]

*Calculated from interpretation of 1991 and 2008 aerial photographs.
**Calculated from Northeast Kansas BEHI/NBS Curves (Sass 2010).

4.3.2.2 Geomorphic Analysis

The overall riparian corridor was wide with good species diversity representative of the historic
Northeastern Oak-Hickory forest (Kuchler 1974). The tributary flow regime was dominated by
stormwater runoff and was classified as a fourth-order stream (KDHE 2007). Frequent gravel

point bars (B1) were present along the entire survey reach (Appendix F, page G-4). Woody

debris jams were minimal, but several trees had recently fallen into the channel.

The

width/depth ratio was stable and was typical for streams in this region. The channel was not

incised or confined.

The survey reach was stable and exemplifies a Simon Stage V channel (see Figure 3-3). Table

4-6 summarizes survey data by utilizing Rosgen’s stream stability classifications.

Table 4-6. Summary of Rosgen Stream Stability Ratings for Rock Creek Survey Site

Stream Morphology Description Rosgen Stream Rating Rosgen Reference Number

Stream type

C4

See Figure 3-1

Riparian vegetation — existing species

Northeastern Oak-Hickory

From Kuchler (1974)

Riparian vegetation — potential species

Northeastern Oak-Hickory

From Kuchler (1974)

Flow regime

P2

Appendix F-1: Exhibit 1

Stream order and size

S7(4)

Appendix F-2: Exhibit 2

Meander patterns

Ms-Irregular meanders

Appendix F-3: Exhibit 3

Depositional patterns

B-a-Point Bars

Appendix F-4: Exhibit 4

Channel blockages

D4-Numerous

Appendix F-5: Exhibit 5

Key to Rosgen’s stream ratings is located in Appendix F.

Width/Depth ratio 19.03 Not applicable
Width/Depth stability rating Stable Appendix F-6: Exhibit 6
Pfankuch channel stability rating 80-Good Appendix F-7 Exhibit 7
Bank — Height Ratio (BHR) 1.0 Not applicable
Stability rating Stable Appendix F-8: Exhibit 8
MWR divided by MWR et 1.0 Not applicable
Degree of confinement Unconfined Appendix F-9: Exhibit 9
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4.3.2.3 Summary of Survey Site 2

Aerial photographs from 1991 and 2008 were used to calculate annual streambank erosion for
Bank Types 3 and 6. Results of aerial photography interpretation showed that Bank Type 3 had
an erosion rate of 0.23 ton/foot/year and Bank Type 6 had an erosion rate of 0.34 ton/foot/year.
A majority of the soil materials in Bank Type 6 were gravel-sized particles. For Bank Types 2, 4,
and 5, sediment loss predictions were calculated using BEHI/NBS curves from Sass (2011).
Sediment loss from Bank Type 1 was not delineated or determined. It appears that this segment

has a fairly low erosion rate due to well-vegetated banks and connection to the floodplain.

4.3.3 Survey Site 3: Wakarusa River at Glick Road

4.3.3.1 Bank Erodibility Hazard Index (BEHI)

The Wakarusa River at Glick Road had a narrow but consistent wooded riparian corridor. The
wooded riparian corridor typically was over 30 feet wide on both banks. There was one short
segment that had no riparian corridor on the right bank, a KWO-identified streambank erosion
hot-spot. The dominant vegetation on the banks was red elm, hackberry, sycamore,
cottonwood, black walnut, box elder (Acer negundo), osage orange (Maclura pomifera), honey
locust, and red cedar (Juniperus virginiana). Within the survey reach, the channel had been
channelized and shortened about 1,980 feet, or two meander wavelengths. A knickpoint was
observed, but the streambed was stable because the knickpoint was located on bedrock and

the rate of lateral erosion appeared to be slow (Photograph 16, Appendix E).

The survey reach was divided into six bank types. Bank Type 1 constituted 150 feet, or 9
percent of the survey reach. This reach had a high, steep right bank with no vegetation to
protect the surface soils (Photograph 17, Appendix E). Exposed roots were abundant on the
stream bank slope and trees were observed leaning towards the channel. The riparian corridor
was thin along the left bank, and this indicated that erosion rates will increase once the trees
along the top of the bank fall into the channel and the root density decreases. The banks

received a “high” BEHI rating and a “low” NBS rating.

Bank Type 2 was another short segment 125 feet in length, or 7 percent of the survey reach.
Erosion was limited to left bank where the roots extend through the entire profile. There was a
thin layer of bedrock located in the middle of the bank. There were also many cobble and

gravel particles exposed in the bank (Photograph 18, Appendix E). There were some pieces of
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bedrock that had broken off and were lying along the bank toe, but this process appeared to be

slow. The BEHI rating scored “very low” due to the bedrock influence.

Bank Type 3 extended from Bank Type 2 to the bedrock knickpoint, and was approximately 114
feet long, or 6 percent of the survey reach. Both banks were well-vegetated and there was
good surface protection (Photograph 19, Appendix E). False Indigo (Amorpha fruticosa) was
the dominant low bank vegetation (Photograph 20, Appendix E). This segment was straight and

the bank appeared stable. Both the BEHI and NBS scores were “low”.

Bank Type 4 was the longest stream segment at 1,109 feet, or 62 percent of the survey reach.
This bank condition was found at in two locations downstream from the bedrock knickpoint. At
the knick point, the height of the banks increased. Tree roots extended through the entire bank
profile, but there was little surface protection. Many exposed roots were observed and trees
were beginning to lean toward the channel (Photograph 21, Appendix E). Also, gravel and
cobble particles were fairly abundant in the stream bank soils. Most of the erosion in Bank Type

4 was located along the left bank. The BEHI rating was “moderate” and NBS rating was “low.”

Bank Type 5 is a short segment totaling 126 feet, or 7 percent of the survey reach. KWO
identified this bank as an erosion hot-spot. The river bends sharply to the north and the right
bank showed active signs of erosion. There was no wooded riparian corridor on the right bank
(Photograph 22, Appendix E). The rooting depth was about one-half the bank height and there
was little surface protection. A gravel lense was located in the lower bank, increasing erosion

potential. The BEHI rating scored “high” and NBS rating was “low.”

Bank Type 6 was the final bank type identified and totaled 163 feet, or 9 percent of the survey
reach. The erosion was along the left descending bank. The bank height was elevated
because the river was cutting into a terrace. Tree roots extended through the entire bank profile
and many exposed roots were observed (Photograph 23, Appendix E). Again, many gravel
lenses were observed in and along the stream channel. The BEHI score was “high” and the
NBS rating was “moderate.” Figure 4-4 presents the length and location of each bank type and

Table 4-7 summarizes the erosion potential for the bank types along this reach.
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Table 4-7. Site 3 BEHI Erosion Potential Summary

Bank | BEHI | BEHI | Vodified | Modified | o Wy 1 NBs Predicted Percent
Type | Score | Rating BEH BEHI Ratio Rating Erosion of Survey
Score Rating (ton/foot/year)

1 35.4 High 31.0 High 1.31 Low 0.55** 9

2 30.4 Very Low 26.0 Very Low 1.36 Low 0.00 7

3 11.0 Low 8.2 Very Low 1.37 Low 0.00 6

4 29.6 Moderate 26.4 Moderate 1.27 Low 0.20** 62

5 35.0 High 32.2 High 1.19 Low 0.21* 7

6 32.1 High 27.7 Moderate 1.59 Moderate 0.38** 9

Weighted Average 0.22

*Calculated from interpretation of 1991 and 2008 aerial photographs.
**Calculated from Northeast Kansas BEHI/NBS Curves (Sass 2011).

4.3.3.2 Geomorphic Analysis

The riparian corridor was representative of the cottonwood-elm-willow vegetation community
outlined in Kuchler (1974). The Wakarusa River is a perennial waterway, and classified as a
third-order stream (KDHE 2007). The survey reach presented an irregular meander pattern
because the stream had been altered by channelization (Appendix F, page G-4). The survey
reach had point bars comprised of gravel and cobble. There was a moderate amount of large
woody debris from the riparian timber falling into the river channel. The width/depth ratio was
stable and the river was moderately incised and confined, a likely cause for accelerated lateral

streambank migration.

Based on the stream stability rating, the river is characteristic of a Stage V stream in the Simon
Channel Evolution Sequence (Simon 1989) (see Figure 3-3). Lateral erosion was reduced by
the presence of bedrock and woody riparian vegetation. Bank heights increased further
downstream due to a bedrock knickpoint. Above the knickpoint, the streambed was entirely
bedrock, creating vertical stability against erosion. The bank height-to-width ratio indicates a
deeply incised channel. Since the streambed was stable, lateral erosion is expected to
continue, as the channel does not connect to floodplain features. Table 4-8 summarizes the

survey data utilizing Rosgen'’s stability indices.
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Table 4-8. Summary of Rosgen Stream Stability Ratings for Wakarusa River

at Glick Road Survey Site

Rosgen Reference

Stream Morphology Description

Stream type

Rosgen Stream Rating

B4/1c

Number *
See Figure 3-1

Riparian vegetation — existing species

Cottonwood/EIm/Willow

From Kuchler (1974)

Riparian vegetation — potential species

Cottonwood/EIm/Willow

From Kuchler (1974)

Flow regime

P2

Appendix F-1: Exhibit 1

Stream order and size

S-6(3)

Appendix F-2: Exhibit 2

Meander patterns

M3-Irregular meanders

Appendix F-3: Exhibit 3

Depositional patterns

B-2- Point bars with few mid bars

Appendix F-4: Exhibit 4

Channel blockages

D3-Moderate

Appendix F-5: Exhibit 5

Width/Depth ratio 213.97 Not applicable
Width/Depth stability rating Stable Appendix F-6: Exhibit 6
Pfankuch channel stability rating 79-Good Appendix F-7 Exhibit 7
Bank — Height Ratio (BHR) 1.6 Not applicable
Stability rating Deeply incised Appendix F-8: Exhibit 8
MWR divided by MWR et 0.36 Not applicable

Degree of confinement

Moderately confined

Appendix F-9: Exhibit 9

—
Key to Rosgen’s stream ratings is located

in Appendix F.

4.3.3.3 Summary of Survey Site 3

For Bank Type 5, aerial photography from 1991 and 2006 was used to calculate the soil lost due
to streambank erosion. The results showed that Bank Type 5 has an erosion rate of 0.21
ton/foot/year. Sediment loss rates for Bank Types 1, 4, and 6 were determined using BEHI/NBS
curves from Sass (2011). Sediment losses from Bank Types 2 and 3 were not calculated
because the streambank erosion appears to be very low due to the composition of solid bedrock

and dense vegetation.

4.3.4 Survey Site 4: Wakarusa River at Ratner Road

4.3.4.1 Bank Erodibility Hazard Index (BEHI)

Land adjacent to the river channel contained a narrow wooded corridor on the left bank and a
wide, wooded corridor on the right bank. The dominant current of the river flows against the
right bank much of the time. The dominant woody species observed were sycamore, silver
maple, hackberry, chinkapin oak, red oak, red elm, pawpaw (Asimina triloba), and buckeye
(Aesculus glabra). The left bank wooded riparian corridor was at least 60 feet wide with some
areas over 300 feet in width. The right bank riparian corridor was over 1,000 feet wide and

populated with mature trees.
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The survey reach was divided into two bank types. Bank Type 1 occurred in two segments,
totaling 1,986 feet, or 76 percent of the survey reach. The dominant channel bed characteristic
was bedrock, which was present along the bank toe (Photograph 24, Appendix E). The bedrock
created a stable bank resistant to erosion. The lower banks had a gentle slope and were well-

vegetated. The only sign of erosion was a tree that had recently fallen into the river channel.

Bank Type 2 was located at a river bend, where the majority of the river flow was directed
against the left bank. Bank Type 2 was 641 feet in length and composed 24 percent of the
survey reach. Bank Type 2 had tall, steep banks and moderate vegetative surface protection
(Photograph 25, Appendix E). The wooded riparian corridor on top of the bank provided
sufficent rooting depth and moderate root density, but the riparian corridor was thin along this
segment. Leaning and fallen trees were found in the river channel, indicating recent lateral
stream bank erosion (Photograph 26, Appendix E). If the wooded riparian corridor is removed,

the potential for stream bank erosion will increase significantly.

Table 4-9 summarizes the erosion potential of Survey Site 4. Figure 4-5 presents the length

and location of the three bank types present at Survey Site 4.

Table 4-9. Site 4 BEHI Erosion Potential Summary

Bank | BEHI | BEm | Modified | Modified |, W | \gg | Predicted | oo o0
Type | Score Rating BEHI BEHI Ratio Rating Erosion of Survey
Score Rating tons/ft/¥ear
1 19.0 Low 17.4 Low 1.24 Low 0.00 76
2 17.9 Moderate 13.5 Low 1.41 Low 0.91* 24
Weighted Average 0.22

*Calculated from interpretation of 1991 and 2006 aerial photography.

4.3.4.2 Geomorphic Analysis

The Wakarusa River flow regime was influenced by stormwater runoff and is classified as a
fourth-order stream (KDHE 2007). Point bars were observed that were comprised of gravel and
cobble. Large woody debris was observed along the banks from recently fallen trees. The
channel was connected to a floodplain feature on one bank, indicating minimal incision, and the
width/depth ratio was stable. The channel was fairly straight through the survey reach, but no
recent channel modifications were observed on aerial photography. As a result, the straight

stream pattern moderately confined the river's lateral movement.
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The channel is classified as Stage V in the Simon channel evolution sequence due to the
presence of large bars and a bedrock streambed (see Figure 3-3). Table 4-10 summarizes

survey data using Rosgen’s stream stability indices.

Table 4-10. Summary of Rosgen Stream Stability Ratings for Wakarusa River
at Ratner Road Survey Site

Stream Morphology Description Rosgen Stream Rating Rosgen Reference Number W
Stream type C5¢c- See Figure 3-1
Riparian vegetation — existing species Sycamore/Hackberry/Oak From Kuchler (1974)
Riparian vegetation — potential species | Cottonwood/Hackberry/Willow From Kuchler (1974)
Flow regime P2 Appendix F-1: Exhibit 1
Stream order and size S-8(4) Appendix F-2: Exhibit 2
Meander patterns M3 — Irregular Meanders Appendix F-3: Exhibit 3
Depositional patterns B1 — Point Bars Appendix F-4: Exhibit 4
Channel blockages D3-Numerous Appendix F-5: Exhibit 5
Width/Depth ratio 8.74 Not applicable
Width/Depth stability rating Stable Appendix F-6: Exhibit 6
Pfankuch channel stability rating 74-Fair Appendix F-7 Exhibit 7
Bank — Height Ratio (BHR) 1.0 Not applicable
Stability rating Stable Appendix F-8: Exhibit 8
MWR divided by MWR (et 0..77 Not applicable
Degree of confinement Moderately confined Appendix F-9: Exhibit 9

(1) Key to Rosgen’s stream ratings is located in Appendix F.

4.3.4.3 Summary of Survey Site 4

Bank Type 2 was experiencing an erosion rate of 0.91 ton/foot/year. No sediment loss was
readily discernible for Bank Type 1, and it appeared that this segment has a very low erosion
rate. Based on aerial photograph interpretation, the weighted erosion rate for the entire stream

reach is 0.22 ton/foot/year.
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5.0 COST ESTIMATES AND BMP RECOMMENDATIONS

Portions of all survey sites exhibited healthy stands of adult native trees, a gentle sloping bank,
and the riparian corridors extended outwards to more than two bankfull widths from the edges of
streams. When BMP data were inserted into the BEHI assessment and modeled using the
BANCS data, the erosion rate did not decrease significantly in these areas. Therefore, it is

recommended that no BMPs be installed in segments that have a wooded riparian corridor.

5.1 BMP Recommendations for Stream Reaches

The field surveys indicate that the bank types that were experiencing the greatest erosion rates
were along outside meander bends with narrow (less than 25 feet wide) or non-existent riparian
corridors. These banks were also identified by KWO as erosion hot-spots using aerial
photography. The banks of these reaches have steep slopes and little surface protection, and
will continue to move laterally unless proper BMPs are implemented. It should be noted that
these sites are typically very short in length and do not compare to erosion loss predictions
derived from other Kansas River Basin surveys. As a result, application of BMPs to the Rock
Creek Survey and both Wakarusa River Surveys is not recommended. For these sites, too
many trees would have to be removed to successfully stabilize the bank, and the cost per ton of
sediment-loss reduction would be much higher than stream channels in other Federal water
supply reservoir watersheds where annual erosion loss rates are much greater. The only

channel stabilization BMP recommended is for Bank Type 5 in Lynn Creek.

5.1.1 Rock Vanes, Chutes, Bendway Weirs, and Bank Toe Protection
Rock vanes (Figure 5-1) are rock structures designed to reduce water velocities and redirect
flow away from the bank. They are proven stabilization structures for channels with moderate to

low width/depth ratios and address accelerated streambank erosion.

In addition, longitudinal peaked stone toe protection (LPSTP) has proven to increase stability on
streams with similar dimensions, especially stream reaches with high near-bank stress (Figure
5-2). This method provides continuous bank toe reinforcement. It is recommended that most

excavated material be removed from the site and thinly spread across the adjacent land.
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Removing bank materials has proven to provide better stability than a cut-and-fill bank shaping
approach on prior Kansas streambank stabilization projects. The surveyed channel reaches
already have moderate to low width/depth ratios, and filling the channel with excavated material

would decrease the meander belt width and increase shear stress in the near-bank region.

5.1.2 Bank Shaping
Bank shaping, such as constructing a bankfull

bench, is recommended to increase stream
stability by dissipating energy during high flow
events. Bank shaping is employed at river

bends where the slope of the bank is so great

that it is difficult for vegetation to grow.
Photograph 5-1 presents a river bend with a

highly erodible bank that is unable to support

vegetation. This bank would require excavation

to reduce the angle and create a gentle slope (3 photograph 5-1. Highly erodible bank on Lynn
horizontal to 1 vertical) that would support Creek with steep slope and no vegetation.
indigenous trees and grasses. The roots stabilize soils and significantly reduce the potential for

soils to erode during high flow events.

5.1.3 BMP Recommendations for Selected Stream Reaches

The BMPs discussed above are recommended for Bank Type 5 on Lynn Creek, which is the
only stream segment that has experienced high erosion rates. Figure 5-3 illustrates where to
install the BMPs and the type of BMP to be installed.

5.2 Cost Estimates for Streambank Restoration
To provide a cost estimate, information was used from past streambank stabilization projects
and USDA, NRCS Environmental Quality Improvement Program (EQIP) information. Rock

placement and bank shaping are the most expensive components of stream restoration.
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Previous estimates for adjacent watersheds have been as high as $97 per linear foot (TWI
2007); however, these estimates are considered high for the Wakarusa River system. For
stabilization projects, rock and rock delivery are the most costly items. Additionally, Lynn Creek
is not as deep as the rivers evaluated in adjacent watersheds, and a large, deep river will
require more rock, thus requiring more funding. Rock quantities are usually proportional to
stream size. Table 5-1 provides a comparison of estimated costs for rehabilitation alternatives.
These values are estimates, since specific rock quantities, soil moving, and site condition
information are unknown. The price estimates assume that the quarry distance is within 30
miles (typical for the area) and that the bank material is to be excavated and thinly spread on

the adjacent land.

Table 5-1. Estimated Costs to Implement Streambank Stabilization BMPs

Cost Estimate

BMP Description (per linear foot)

1. Survey and design $5.00 to $10.00
Rock delivery and placement $25.00 to $35.00
As-built certification design $5.00 to $10.00
Bank excavation and shaping $20.00 to $30.00

2. Vegetation (material and planting)

Cover Crop
Mulch

Stakes to support planted woody species $5.00

Bare root seedlings
Grass filter strip

3. Contingencies
Unexpected site conditions requiring additional materials and $3.00 - $5.50
construction time

TOTAL $63.00 - $95.50

Bank shaping by excavating steep banks to a 3:1 horizontal to vertical slope will be required to
rehabilitate unstable banks on the river bends. Constructing a bankfull bench will help increase
stream stability by dissipating energy during high flow events. The bench does not have to be
wider than 12 feet, as any bankfull features will be an improvement to stream stability.
Excavating stream banks to suitable conditions will cost $20 to $30 per linear foot. Planting a
riparian buffer consisting of live cuttings, bare root seedlings, and a native grass strip will cost

approximately $5 per linear foot.
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The implementation of BMPs on smaller stream systems like Lynn Creek would typically be at
the lower end of the cost range, since water is shallower and bank heights are lower. It is
difficult to accurately predict streambank stabilization costs without a more detailed survey. The
cost guidelines are reflective of current prices and may fluctuate based on material prices and

fuel costs.
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6.0 BMP IMPACTS: ESTIMATED REDUCTION OF SEDIMENT EROSION

In order to predict erosion loss reduction from BMP implementation, the Rosgen BANCS model
was used to predict whether BMPs could reduce erosion at the survey sites. The BANCS
model derives annual streambank erosion rates using a combination of BEHI and NBS ratings
(Rosgen 2006). Rosgen (2006) calibrated the BEHI scoring method to yield linear relationships
between NBS and erosion rates for streams in Colorado and in Yellowstone Park. As
mentioned earlier, these relationships are not intended to be valid for alluvial streams (such as
those found in northeast Kansas), and they only provide a framework to demonstrate BMP
effectiveness. To validate erosion prediction, long-term erosion monitoring data is needed over
a variety of BEHI and NBS conditions. For this exercise, the BANCS model was used only to
determine the percent reduction in erosion loss when comparing current conditions and BMP
implementation scenarios. The percent reduction was then applied to erosion loss data

interpreted from aerial photograph reconnaissance.

The implementation of BMPs was not suitable for most of the stream segments studied in the
Clinton Reservoir watershed. Installing BMPs would result in the loss of wide riparian corridors
with mature, well-established riparian trees, and would not be cost-effective. Therefore, only
one bank type, on Lynn Creek, was modeled to determine the effectiveness of BMPs. Analysis
of field data determined that implementing BMPs would not be cost-effective, as the sites are
very small and predicted erosion rates are relatively low compared to other rivers in the Kansas
River basin. Only Bank Type 5 was modeled with BMPs scenarios, since it was presumed the

BMP would have substantial benefits in erosion loss and protecting the utility infrastructure.

BMP scenarios were modeled for Bank Type 5 over two time periods:

e Scenario A: includes years 1 through 3 during which the vegetation is maturing.

e Scenario B: includes years 4 through 10 when the vegetation is mature.

BEHI parameters were adjusted for each scenario to reflect expected conditions. For both BMP
scenarios, bank angle in the BEHI assessment was changed to a more gradual 3:1 horizontal to
vertical slope (18.4 degree bank angle). Also, the rooting depth was changed to encompass the
entire bank height. This assumption was made because the entire bank slope would be planted

with native riparian species. For scenario A (years 1 through 3), a root density of 25 percent
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and surface protection of 50 percent were used to mimic the period of newly planted vegetation.
For scenario B (years 4 through 10), a root density and surface protection of 75 percent was
used for well-established riparian vegetation. The advantage of the riparian restoration BMPs is

that with proper operation and maintenance the roots will increase soil stability over time.

For NBS, the assumption was made that the rock structures, such as rock bendway weirs and
rock vanes, would slow velocities in the near-bank region, thus lowering bank shear stress. As
a result, the NBS rating was manually changed to low. The BANCS model in RIVERMorph(™
was used to determine the percent reduction of erosion loss. Table 6-1 presents a summary of
the erosion rates resulting from the implementation of BMPs, and estimates the percent

reduction of bank erosion for BMP Scenarios A and B.

Table 6-1. Survey Site 1 Lynn Creek BMP Estimated Sediment
Reduction Scenario A and B

. Current BANCS BMP Rate of
. Bank Predicted . ; Percent
Scenario | Year Tvoe | BEHI Ratin Rate of Erosion Erosion Reduction
yp 9 (ton/footlyear) (ton/footlyear)

A 1-3 5 20.0 0.43 0.08 81

B 3+ 5 13.8 0.43 0.03 93
Scenario A represents the vegetative cover during first 3 years.
Scenario B represents the vegetative cover after year 3.
Contract Number: W912DQ-05-D-0018 6-2 Final Report

Delivery Order Number: 006 August 2011









Kansas River Basin
Regional Sediment Management Section 204
Stream and River Channel Assessment

7.0 CONCLUSIONS

The USACE Kansas City District contracted GSRC to conduct stream channel morphologic and
riparian assessments to identify future sediment control opportunities within the Kansas River
basin. The project has been executed under Section 204 of the Water Resources Development
Act of 1992, as amended by Section 2037 of the Water Resources Development Act of 2007.
The Section 204 program provides Federal cooperation and participation in the preparation of
state and regional sediment management plans. The objectives of this project were to:

e Conduct fluvial and stream channel morphologic and riparian assessments to identify

future sediment control opportunities in selected sub-watersheds above Federal water
supply reservoirs in the Kansas River basin.

e Conduct an assessment of critical factors affecting stream geomorphology, bed
transitions, and systemic erosion issues in selected sub-watersheds.

e Assign a Rosgen stream classification to each survey reach, estimate the amount of
streambank erosion, and evaluate riparian conditions.

o Determine the reduction in erosion resulting from implementation of erosion control
measures.

e Determine cost estimates to implement the erosion mitigation design for the most
suitable erosion control measures.

The survey locations were based on input from KWO and aerial photography interpretation.
Geomorphology data analysis suggests that all surveyed stream reaches are stable and
moderately incised, except for Lynn Creek. A total of 19 distinct bank types at the four survey
sites were recorded, and these were defined as C, B, and E stream types in the Rosgen
classification system. Most of the streams had a bedrock streambed and/or bedrock outcrops
within the streambanks. This provides erosion resistance and slows the rate of streambed and

lateral erosion.

The BEHI ratings ranged from 35.4 (high) to 11.0 (low), and the dominant influence on bank
erodibility was bank angle, vegetation, and surface protection. Where there was a riparian
corridor with gently sloping banks, the erodibility potential was low. Conversely, the erodibility
potential was very high on outside meander bends with steep banks and little riparian
vegetation. Modifying the BEHI ratings per Sass (2011) generally lowered the BEHI scores and

changed bank types rated as “high” to “moderate.” The lower, modified BEHI scores were a
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direct result of a consistent wooded riparian corridor that was found on all four sites. For
predicted erosion loss, the Lynn Creek site had the highest weighted average (0.41
ton/foot/year), while both Wakarusa River sites had the lowest weighted average (0.22

ton/foot/year).

BMP scenarios were developed for only for one segment on Lynn Creek. The RIVERMorph(™
Rosgen BANCS model was used to predict changes in erosion loss, and results indicated that
Bank Type 5 on Lynn Creek showed a significant reduction in bank erosion with implementation

of BMPs. Table 7-1 summarizes each survey site’s erosion potential.

For bank types where aerial photography interpretation was not applicable, erosion monitoring
data were used from the Black Vermillion River watershed to predict erosion loss (Sass 2011).
For all surveys, the riparian corridor consisted of woodlands. The corridor often varied in width
from non-existent to well over two times the active channel width. Similar conditions were
observed upstream and downstream from each site. The riparian fragmentation often occurred
due to the encroachment of row-crop agriculture. Erosion rates tended to increase when a
wooded riparian corridor was absent. It appears that narrow, deep channels, like the channels
surveyed, need greater rooting depth and density throughout the bank profile to improve and
sustain bank stability. Also, a gentle bank angle and floodplain benches are an important
feature for stable banks, as vegetation is able to grow further down the bank slope and stabilize

the bank toe.

Table 7-1. Summary of Bank Erosion Results for Four Stream Segments

Stream Sediment BMP Percent
Stream Segment Erosion Reduction Bank Recommended BMPs
(ton/footlyear)" Erosion
Riparian and Bank
Lynn Creek 0.41 937 Modifications, Rock Vanes,
LPSTP

Rock Creek 0.25 Negligible None recommended
Wakarusa River at Glick Road 0.22 Negligible None recommended
Wakarusa River at Ratner Road 0.22 Negligible None recommended

Erosion results are area-weighted averages for the different bank types of the surveyed stream reach.

The percent reduction is only for one stream segment at the Lynn Creek survey site (Bank Type 5).
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